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Introduction to LaNiGa2
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𝑎𝑎 = 4.2808(6) Å
𝑏𝑏 = 17.466(2) Å
𝑐𝑐 = 4.2578 6 Å
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see also:

Y. Aoki et al. J. Phys. Soc. Jpn. 64 3986 (1995) 
N.L. Zheng et al. Phys. Rev. B 66 092503 (2002) 

• weak coupling
• fully gapped
• not strongly correlated

J. R. Badger et al. Comm. Phys. 5 22 (2022)
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Introduction to LaNiGa2
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𝑎𝑎 = 4.2808(6) Å
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Z.F. Weng et al. Phys. Rev. Lett. 117 027001 (2016) J. R. Badger et al. Comm. Phys. 5 22 (2022)



Introduction to LaNiGa2: no magnetic correlations
LaNiGa2 NMR

/

Korringa ratio: 

LaNiGa2: conventional superconductor?
• one sharp and complete superconducting transition
• fully gapped (no superconducting gap nodes)
• centro-symmetric orthorhombic structure
• no evidence for magnetic correlations

NMR in normal state: no magnetic correlations
NMR in superconducting state: in progress



Introduction to LaNiGa2: time-reversal symmetry breaking

A. D. Hillier et al. Phys. Rev. Lett. 109 097001 (2012)

S. K. Ghosh et al. J. Phys.: Condens. Matter 33 033001 (2021)

𝐵𝐵𝑖𝑖𝑖𝑖𝑖𝑖 = 0.02 mT

complex multicomponent

nodal triplet

UPt3
URu2Si2
UTe2
Sr2RuO4
Ba1-xKxFe2As2
Pr(Os1-xRux)4Sb12
StPtAs
(Lu,Y,Sc)5Rh6Sn18

UPt3
UTe2
Pr1-yLayPt4Ge12

non-centrosymmetric

CaPtAs
Re0.82Nb0.18
Re6(Zr,Hf,Ti)
LaNiC2
La7(Ir,Rh)3
Zr3Ir
K2Cr3As3
(Nb,Ta)RuSi
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Introduction to LaNiGa2: time-reversal symmetry breaking
LaNiGa2

topological crystalline
superconductor

LaNiGa2

LaNiGa2

LaNiGa2

• one sharp and complete superconducting transition
• fully gapped (no superconducting gap nodes)
• centro-symmetric orthorhombic structure
• no evidence for magnetic correlations
• non-symmorphic structure



Cmcm (#63)
𝑎𝑎 = 4.2808(6) Å
𝑏𝑏 = 17.466(2) Å
𝑐𝑐 = 4.2578 6 Å

Introduction to LaNiGa2: crystal structure
previous reports: polycrystals powder x-ray diffraction Cmmm (#65)

our study: single crystals single crystal x-ray diffraction Cmcm (#63)
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non-symmorphic
glide symmetry

symmorphic
mirror symmetry
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Non-Symmorphic Symmetry and Band Degeneracy
𝑎𝑎

band gap at the BZ boundary

band crossing at the BZ boundary

electrons in different potential

electrons in same potential
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Dirac line and Dirac loop in LaNiGa2
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FS4
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Dirac 
Loop

Not gapped 
under SOC

J. R. Badger et al. Comm. Phys. 5 22 (2022)

• Dirac line and Dirac loop
• at 𝐸𝐸𝐹𝐹
• 2 points not gapped under SOC -0.2
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Fully gapped spin-triplet superconductivity
𝐸𝐸

𝑘𝑘

S. K. Gosh et al. Phys. Rev. B 101 100506 (2020)
Z.F. Weng et al. Phys. Rev. Lett. 117 027001 (2016) 



Topology of the BdG spectrum

non-unitary triplet pairing potential:

linear dispersion

model modified from Ghosh et al. Phys. Rev. B 101 100506 (2020)
added linear dispersion

crossings at the Brillouin zone boundary: the degeneracy is retained even in the BdG spectrum



Conclusions

• method to synthesize single crystals
• single crystals indicate a non-symmorphic space group
• LaNiGa2 is a topological crystalline metal due to non-

symmorphic symmetries
• Dirac line and Dirac loop at the Fermi energy
• 2 true Dirac points (not gapped under SOC)
• topology enables fully gapped spin-triplet 

superconductivity
• other non-symmorphic superconductors need to be 

reinvestigated for time-reversal symmetry breaking

FS2 FS3FS1

FS4

FS5 Dirac 
Line

Dirac 
Loop

Not gapped 
under SOC

look for new superconductors look for known superconductors
with non-symmorphic structure
band crossing at 𝐸𝐸𝐹𝐹 can be calculated (DFT)
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